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Background:  Platinum  resistance  is  a  major  limitation  in  the  treatment  of  advanced  non-small  cell  lung 
cancer  (NSCLC).  We  previously  demonstrated  that  low  tissue  platinum  concentration  in  NSCLC  specimens 
was  significantly  associated  with  reduced  tumor  response.  Furthermore,  low  expression  of  the  copper 
transporter  CTR1 ,  a  transporter  of  platinum  uptake  was  associated  with  poor  clinical  outcome  following 
platinum-based  therapy  in  NSCLC  patients.  We  investigated  the  relationship  between  tissue  platinum 
concentrations  and  CTR1  expression  in  NSCLC  specimens. 

Methods:  We  identified  paraffin-embedded  NSCLC  tissue  blocks  of  known  tissue  platinum  concentra¬ 
tions  from  30  patients  who  underwent  neoadjuvant  platinum-based  chemotherapy  at  MD  Anderson 
Cancer  Center.  Expression  of  CTR1  in  tumors  and  normal  adjacent  lung  specimens  was  determined  by 
immunohistochemistry  with  adequate  controls. 

Results:  Tissue  platinum  concentration  significantly  correlated  with  tumor  response  in  30  patients  who 
received  neoadjuvant  platinum-based  chemotherapy  (P< 0.001).  CTR1  was  differentially  expressed  in 
NSCLC  tumors.  A  subset  of  patients  with  undetectable  CTR1  expression  in  their  tumors  had  reduced 
platinum  concentrations  (P=0.058)  and  tumor  response  (P  =  0.016)  compared  to  those  with  any  level  of 
CTR1  expression.  We  also  observed  that  African  Americans  had  significantly  reduced  CTR1  expression 
scores  (P=  0.001),  tissue  platinum  concentrations  (P= 0.009)  and  tumor  shrinkage  (P=0.016)  compared 
to  Caucasians. 

Conclusions:  To  our  best  knowledge  this  is  the  first  study  investigating  the  function  of  CTR1  in  clinical 
specimens.  CTR1  expression  may  be  necessary  for  therapeutic  efficacy  of  platinum  drugs,  consistent 
with  previous  preclinical  studies.  A  prospective  clinical  trial  is  necessary  to  develop  CTR1  into  a  potential 
biomarker  for  platinum  drugs. 
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1.  Introduction 

Platinum-based  chemotherapy  is  widely  used  in  advanced 
non-small  cell  lung  cancer  (NSCLC).  However,  first-line  platinum- 
containing  doublets  yield  response  rates  in  NSCLC  of  only  20-30% 
[1,2],  since  a  significant  portion  of  tumors  express  intrinsic  or  de 
novo  resistance.  A  better  understanding  of  molecular  mechanisms 
of  platinum  resistance  is  necessary  to  develop  new  therapeu¬ 
tic  approaches  that  induce  greater  platinum  sensitivity  and  more 
durable  responses. 


http://dx.doi.Org/10.1016/j.lungcan.2014.04.005 

0169-5002/©  2014  Elsevier  Ireland  Ltd.  All  rights  reserved. 


E.S.  Kim  etal./  Lung  Cancer  85  (2014)  88-93 


89 


There  are  several  mechanisms  by  which  NSCLC  cells  may 
express  resistance  to  platinum,  such  as,  but  not  limited  to,  drug 
inactivation  by  detoxifying  factors,  alterations  in  checkpoint  and 
apoptotic  proteins,  and  alteration  in  intracellular  drug  accumula¬ 
tion  [3].  Despite  the  multifactorial  nature  of  platinum  resistance, 
reduced  intracellular  drug  accumulation  is  one  of  the  most  con¬ 
sistently  identified  features  of  cisplatin-resistant  cell  lines  [4,5], 
including  resistant  NSCLC  cell  lines  [6-10],  To  clinically  vali¬ 
date  reduced  drug  accumulation  as  an  important  mechanism 
of  platinum  resistance,  we  previously  demonstrated  that  lower 
tissue  platinum  concentrations  from  NSCLC  specimens  follow¬ 
ing  platinum-based  chemotherapy  significantly  correlated  directly 
with  reduced  tumor  response  and  shorter  survival  time  [11],  The 
role  of  copper  transporter  CTR1,  a  significant  transporter  of  plat¬ 
inum  uptake,  may  be  implicated  in  modulation  of  intratumoral 
platinum  concentrations. 

CTR1  regulates  uptake  of  copper  which  is  a  vital  micronutrient 
for  eukaryotic  development.  CTR1  also  plays  a  significant  role  in 
platinum  uptake.  Deletion  of  the  Ctrl  gene  in  yeast  and  murine 
cells  resulted  in  reduced  accumulation  of  cisplatin  and  increased 
cisplatin  resistance  [12].  Conversely,  enhanced  uptake  of  carbo- 
platin  and  oxaliplatin  was  seen  when  the  Ctrl  gene  was  transfected 
into  small  cell  lung  cancer  cell  lines,  supporting  the  importance 
of  CTR1  in  uptake  of  a  variety  of  platinum  drugs  [13],  Further¬ 
more,  low  levels  of  CTR1  mRNA  level  in  platinum-treated  ovarian 
tumors  were  associated  with  poor  clinical  outcome  [14],  In  NSCLC, 
low  expression  of  CTR1  by  immunohistochemistry  (IHC),  but  not 
expression  of  the  efflux  transporters  ATP7A  and  ATP7B,  is  associ¬ 
ated  with  poor  prognosis  in  patients  treated  with  platinum-based 
therapy  [  15],  Therefore,  CTR1  has  a  significant  potential  to  become 
a  biomarker  for  intracellular  platinum  uptake  and  tumor  response. 
To  date,  however,  no  study  has  compared  tumor  CTR1  expression 
with  intratumoral  platinum  concentration  in  any  tumor  type.  We 
hypothesized  that  a  defect  in  tumor  CTR1  expression  is  associated 
with  reduced  tissue  platinum  accumulation  and  tumor  response  in 
NSCLC  following  platinum-based  chemotherapy. 

2.  Methods 

2.3.  Patients  and  tissue  specimens 

This  study  (approved  by  the  Institutional  Review  Board  of 
the  University  of  Texas  MD  Anderson  Cancer  Center  [UTMDACC]) 
used  UT  Lung  Cancer  Specialized  Program  of  Research  Excel¬ 
lence  Tissue  Bank  archived  fresh-frozen  NSCLC  tumor  specimens. 
We  identified  paraffin-embedded  NSCLC  tissue  blocks  from  30  of 
our  44  UTMDACC  NSCLC  patients  who  had  received  neoadjuvant 
platinum-based  chemotherapy  and  with  known  tissue  platinum 
concentrations  obtained  from  our  previous  study  that  measured 
intratumoral  platinum  levels  J 11  ].  Paraffin-embedded  blocks  were 
not  available  for  14  patients.  Of  those  30  tumor  specimens,  25 
specimens  had  matching  normal  adjacent  lung  tissues  which  were 
included  in  this  study.  Various  histopathologic  features  including 
percentage  of  residual  viable  tumor  cells,  necrosis  and  fibrosis  were 
assessed  in  all  tumor  samples  as  described  previously  [16], 

2.2.  Immunohistochemistry forCTRl 

IHC  to  determine  post-treatment  expression  of  CTR1  was  per¬ 
formed  on  representative  paraffin-embedded  blocks  of  tumor  and 
normal  adjacent  lung  specimens  with  adequate  controls  as  previ¬ 
ously  described  [15].  Primary  antibody  for  CTR1  (Novus  Biologicals, 
Littleton,  CO)  we  used  has  been  validated  by  us  and  several  oth¬ 
ers  [15,17-19],  The  antibody  was  diluted  at  1:500  and  incubated 
overnight  at  4°C.  Expression  of  CTR1  was  scored  by  assessing 


the  intensity  (on  a  0-3  scale)  by  UTMDACC  thoracic  pathologists 
who  were  blinded  to  clinical  information  and  platinum  concentra¬ 
tions;  0  =  undetectable;  l  +  =  barely  detectable  staining;  2+  =  readily 
appreciable  staining;  and  3+ =  dark  brown  staining.  Percentage  of 
positive  cytoplasmic  staining  cells  was  also  determined  but  most 
of  the  specimens  with  scores  of  1  +  or  greater  demonstrated  diffuse 
cytoplasmic  staining  (>75%).  Thus,  semi-quantitative  scores  are  not 
reported  separately  in  this  article. 

2.3.  Tissue  platinum  measurement 

Approximately  30  mg  of  tumor  from  each  patient  was  weighed 
and  digested  overnight  in  benzethonium  hydroxide  at  55  °C  to 
achieve  homogeneity  [11,20,21].  After  acidification,  each  sample 
was  analyzed  by  flameless  atomic  absorption  spectrophotometry 
(FAAS)  to  measure  absorbance  unit  associated  with  platinum  con¬ 
tent,  as  previously  described  [11,20].  Validity  of  the  assay  was 
ensured  with  a  linear  standard  curve  that  was  generated  from  serial 
dilutions  of  certified  stock  platinum  standard  (Sigma,  987  pig/ml). 
Most  specimens  were  analyzed  in  at  least  two  independent  experi¬ 
ments  where  samples  were  taken  from  different  parts  of  the  tumor. 
The  averaged  platinum  concentration  was  reported  as  absorbance 
unit  per  mg  of  tissue. 

2.4.  Statistical  analysis 

The  main  objective  of  this  study  was  to  study  the  relation¬ 
ship  between  CTR1  expression  level  and  intratumoral  platinum 
concentration  in  NSCLC  patients.  Tissue  platinum  concentrations 
in  tumors  from  30  NSCLC  patients  were  obtained  from  our  pre¬ 
vious  study  that  showed  a  significant  correlation  between  tissue 
platinum  concentration  and  percent  reduction  in  tumor  size  in  44 
patients  who  received  neoadjuvant  platinum-based  chemotherapy 
[11].  This  correlation  was  re-estimated  based  on  the  subsample  of 
30  patients,  for  comparison.  Four  group  Kruskal-Wallis  tests  were 
used  to  compare  the  distributions  of  both  platinum  concentrations 
and  percent  reduction  in  tumor  size  by  IHC-based  CTR1  expres¬ 
sion  score  (0,  1+,  2+,  3+).  Mann-Whitney  non-parametric  tests 
were  used  to  make  all  two  group  comparisons  such  as  compari¬ 
son  of  the  distributions  of  CTR1  expression  score,  tumor  response, 
and  intratumoral  platinum  concentration  for  Caucasian  Americans 
(CAs)  versus  African  Americans  (AAs). 

3.  Results 

3.1.  Patient  characteristics 

Table  1  shows  the  patient  characteristics  of  30  evaluable 
patients  with  early  stage  NSCLC  with  known  intratumoral  plat¬ 
inum  concentrations  who  received  neoadjuvant  platinum-based 
chemotherapy  prior  to  undergoing  surgical  resection.  Median  age 
was  63,  with  60%  males  and  40%  females.  There  were  23  Caucasians 
(77%)  and  6  African  Americans  (20%).  A  majority  of  patients  had 
either  stage  IIB  (37%)  or  IIIA  (43%)  disease.  All  30  patients  received 
a  doublet  consisting  of  cisplatin  (N=ll)  or  carboplatin  (N=19). 
Most  received  taxanes  as  the  second  agent.  Median  time  from 
last  dose  of  chemotherapy  to  surgery  was  37  days.  There  were 
16  adenocarcinomas  (53%),  7  squamous  cell  (23%)  and  7  other 
histology  types  (23%). 

3.2.  Correlation  between  tissue  platinum  concentration  and 
tumor  response 

In  our  previous  study,  we  reported  a  significant  correlation 
between  tissue  platinum  concentration  and  tumor  response  in 
44  patients  [11],  To  confirm  if  the  same  correlation  is  seen  in 
the  30  evaluable  patients  with  available  paraffin  blocks,  tissue 


90 


E.S.  Kim  et  al.  /  Lung  Cancer  85  (2014)  88-93 


Table  1 

Medical  and  demographic  characteristics  of  30  evaluable  patients. 


Total  number  of  evaluable  patients 

Age,  median  (range) 

Characteristic 

30 

63 (44-78) 

N 

% 

Gender 

Male 

18 

60 

Female 

12 

40 

Ethnicity 

Caucasian 

23 

77 

African  American 

6 

20 

Hispanic 

1 

3 

Clinical  stage 

IB 

2 

7 

1IA 

1 

3 

IIB 

11 

37 

II1A 

13 

43 

IIIB 

3 

10 

Histology 

Adenocarcinoma 

16 

53 

Squamous  cell  carcinoma 

7 

23 

Other 

7 

23 

Neoadjuvant  chemotherapy 

Cisplatin 

11 

37 

+Taxane 

9 

+Other 

2 

<3  cycles 

5 

>3  cycles 

6 

Carboplatin 

19 

63 

+Taxane 

17 

+Other 

2 

<3  cycles 

8 

>3  cycles 

11 

Smoking  status 

Current  smoker 

10 

33 

Former  smoker 

10 

33 

Never  smoker 

5 

17 

Undocumented 

5 

17 

Tumor  response  by  RECIST 

Stable  disease 

22 

73 

Partial  response 

8 

27 

Tobacco  pack  years 

32(0-145) 

Time  lapse  from  last  chemotherapy  (days) 

37(22-71) 

Abbreviations:  RECIST  =  Response  Evaluation  Criteria  in  Solid  Tumors. 


platinum  concentration  and  percent  reduction  in  tumor  size  fol¬ 
lowing  platinum-based  chemotherapy  were  correlated.  As  shown 
in  Fig.  1,  all  except  2  platinum-treated  patients  had  at  least  some 
degree  of  tumor  shrinkage  with  therapy,  and  there  was  a  significant 
correlation  (Pearson  r= 0.773,  P<  0.0001 )  between  tumor  platinum 
concentration  and  %  change  in  tumor  size. 

3.3.  CTRi  expression  by  immunohistochemistry  in  NSCLC  and 
normal  lung  tissues 

Fig.  2  demonstrates  CTR1  expression  in  representative  speci¬ 
mens  of  each  IHC  score  group.  CTR1  expression  scores  for  tumor 


Tumor  [Pt]  and  Response 


Fig.  1.  Correlation  between  tissue  platinum  concentration  and  tumor  response  in 
30  patients  whose  tumor  specimens  were  adequate  for  immunohistochemistry. 
The  data  was  abstracted  from  the  previous  publication  demonstrating  correlation 
between  tissue  platinum  concentration  and  tumor  response  in  44  patients. 

and  adjacent  normal  lung  tissues  are  shown  in  Table  2.  Of  30 
tumor  specimens,  50%  of  specimens  demonstrated  scores  of  2+. 
There  were  2  patients  (7%)  with  undetectable  CTR1  expression  by 
IHC.  The  specimens  from  6  patients  (20%)  demonstrated  intense 
3+  staining.  Of  30  tumor  specimens,  there  were  25  matching  nor¬ 
mal  adjacent  lung  specimens.  There  was  no  significant  relationship 
in  CTR1  expression  scores  between  tumor  and  normal  specimens 
(P=  0.12). 

3.4.  Relationship  between  CTRi  expression  and  tissue  platinum 
concentration 

As  shown  in  Fig.  3A,  there  was  insufficient  evidence  of  dif¬ 
ferences  in  tissue  platinum  concentration  by  individual  CTRI 
expression  score  groups  (P=0.44).  However,  the  specimens  with 
undetectable  CTRI  expression  (score  of  0)  by  IHC,  in  particular, 
had  extremely  low  mean  intratumoral  platinum  concentrations 
of  0.0011  absorbance  units/mg  of  tissue  compared  to  the  mean 
platinum  concentration  of  the  rest  of  specimens  (score  of  1+ 
or  higher)  at  0.0033  absorbance  units/mg  (Fig.  3B).  This  repre¬ 
sents  approximately  a  3-fold  difference  that  has  a  considerable 
trend  toward  significance  (P=  0.058).  Furthermore,  there  was  a 
significant  difference  in  %  reduction  in  tumor  size  between  the 
group  with  undetectable  CTRI  expression  and  the  rest  (P=  0.016) 
which  translated  to  response  rates  of  0%  and  29%,  respectively 
(Fig.  3C).  The  characteristics  of  the  two  patients  with  undetectable 


Fig.  2.  Differential  expression  of  CTRI  by  immunohistochemistry  in  NSCLC. 

(0  =  no  appreciable  staining;  1  +  =  barely  detectable  staining;  2+  =  readily  appreciable  staining;  and  3+  =  dark  brown  staining). 
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Fig.  3.  Relationship  between  tumor  platinum  concentration  and  the  level  of  CTR1  expression  in  NSCLC.  There  was  no  significant  difference  in  platinum  concentration  when 
compared  across  the  four  different  groups  based  on  immunohistochemistry  scores  for  CTR1  expression  (A).  However,  tumors  with  no  expression  of  CTR1  (score  of  0)  had 
significantly  lower  platinum  concentration  compared  to  the  rest  of  the  groups  combined  (B).  Patients  with  no  expression  of  CTR1  had  response  rate  (RR)  of  0%  whereas  those 
with  any  level  of  CTR1  expression  demonstrated  RR  of  29%  (C).  The  bars  represent  the  standard  error  of  the  mean. 


CTR1  expression  were  most  notable  for  African  American  ethnicity 
and  cisplatin  therapy,  and  neither  of  them  had  adenocarcinomas 
(squamous  cell  carcinoma  and  NSCLC  with  sarcomatoid  features). 
Ethnic  difference  in  CTR1  expression  is  further  discussed  below. 
CTR1  expression  scores  were  significantly  higher  in  patients  who 
received  carboplatin  compared  to  those  who  received  cisplatin 
(P=  0.004).  Furthermore,  CTR1  expression  was  higher  in  adeno¬ 
carcinomas  compared  to  squamous  cell  carcinomas  (P=0.018).  Of 
note,  all  6  patients  who  demonstrated  3+  staining  had  adenocar¬ 
cinomas.  However,  there  was  no  significant  difference  in  tumor 
platinum  concentrations  between  adenocarcinoma  vs.  squamous 
cell  carcinoma  and  cisplatin  vs.  carboplatin,  consistent  with  our 
previous  report  [11], 


Table  2 

CTR1  expression  scores  in  tumor  and  normal  lung  epithelium. 


Specimen 

Tumor  Pt  concentration 
(absorbance  units/mg) 

CTR1  in 

tumors 

CTR1  in  normal 
epithelium 

1 

0.00120 

0 

3+ 

2 

0.00095 

0 

2+ 

3 

0.00470 

1+ 

N/Aa 

4 

0.00076 

1+ 

2+ 

5 

0.00112 

1+ 

2+ 

6 

0.00609 

1+ 

2+ 

7 

0.00065 

1+ 

N/A 

8 

0.00572 

1+ 

3+ 

9 

0.00349 

1+ 

N/A 

10 

0.00079 

2+ 

3+ 

11 

0.00409 

2+ 

3+ 

12 

0.00291 

2+ 

3+ 

13 

0.00184 

2+ 

2+ 

14 

0.00256 

2+ 

0 

15 

0.00319 

2+ 

3+ 

16 

0.00344 

2+ 

2+ 

17 

0.00406 

2+ 

2+ 

18 

0.00343 

2+ 

2+ 

19 

0.00278 

2+ 

2+ 

20 

0.00674 

2+ 

2+ 

21 

0.00396 

2+ 

2+ 

22 

0.00366 

2+ 

N/A 

23 

0.00064 

2+ 

3+ 

24 

0.00400 

2+ 

2+ 

25 

0.00236 

3+ 

0 

26 

0.00265 

3+ 

2+ 

27 

0.00410 

3+ 

0 

28 

0.00319 

3+ 

2+ 

29 

0.00360 

3+ 

3+ 

30 

0.00558 

3+ 

N/A 

Abbreviations:  Pt  =  Platinum. 
a  N/A  =  specimen  not  available. 


3.5.  Ethnic  differences  in  CTR1  expression,  tissue  platinum 
concentration  and  tumor  response 

The  fact  that  both  patients  with  null  CTR1  expression  in  their 
tumors  were  AAs  led  to  additional  analysis.  There  was  a  total  of  23 
CAs  and  6  AAs.  As  shown  in  Fig.  4A,  we  observed  a  significant  differ¬ 
ence  in  CTR1  expression  score  between  CAs  and  AAs  (P=  0.0013). 
This  observation  translated  to  the  finding  that  AAs  had  signifi¬ 
cantly  reduced  intratumoral  platinum  concentrations  (P=  0.009) 
and  tumor  response  (P=0.016)  compared  to  CAs  (Fig.  4B  and  4C, 
respectively).  However,  there  was  no  significant  difference  in  CTR1 
expression  score  between  CAs  and  AAs  in  normal  adjacent  epithe¬ 
lial  specimens  (P=0.28). 

4.  Discussion 

Despite  extensive  preclinical  investigation  of  CTR1  as  an  impor¬ 
tant  platinum  transporter,  there  has  been  no  investigation  of  CTR1  ’s 
function  in  clinical  specimens  to  date,  possibly  due  to  difficulty 
in  obtaining  adequate  amount  of  fresh  post-treatment  biopsy  to 
permit  tissue  platinum  measurement.  To  our  best  knowledge,  this 
is  the  first  study  in  any  tumor  type  investigating  the  relation¬ 
ship  between  copper  transporter  CTR1  expression  and  intratumoral 
platinum  concentrations  in  clinical  specimens.  We  demonstrated 
that  CTR1  is  differentially  expressed  in  NSCLC  tumors  with  no 
apparent  concordance  with  CTR1  expression  in  normal  adjacent 
lung  tissues.  Even  though  there  was  no  directly  proportional 
relationship  between  CTR1  expression  scores  and  intratumoral 
platinum  concentrations,  the  subgroup  of  patients  with  unde¬ 
tectable  CTR1  expressions  had  markedly  lower  tissue  platinum 
concentrations  and  reduced  tumor  response  compared  to  the 
rest.  While  we  were  limited  by  a  small  sample  size  to  conduct 
robust  statistical  analysis  in  our  clinical  specimens,  we  believe 
that  this  could  be  of  substantial  clinical  significance  supporting 
several  preclinical  studies  to  date  that  suggest  the  role  of  CTR1 
as  an  important  uptake  transporter  of  platinum  drugs  and  as  a 
major  determinant  of  platinum  sensitivity  in  tumor  cells  [12-14], 
Previous  studies  also  demonstrated  that  low  expression  of  CTR1 
was  associated  with  poor  clinical  outcome  following  platinum 
therapy  in  NSCLC  and  ovarian  cancer  patients  [14,15],  Our  data 
offer  a  potential  explanation  for  these  clinical  studies  demon¬ 
strating  low  CTR1  expression  as  a  poor  prognosticator  following 
platinum-based  chemotherapy.  We  can  speculate  that  intact  CTR1 
function  prior  to  treatment  may  be  required  for  platinum  drug’s 
therapeutic  efficacy.  However,  our  sample  size  was  inevitably 
small  because  only  a  small  proportion  of  all  patients  with  NSCLC 
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Fig.  4.  Ethnic  variations  in  CTR1  expression  and  tumor  platinum  concentrations.  Caucasian  patients  had  higher  level  of  CTR1  expression  (A)  and  tissue  platinum  concentration 
(B)  compared  to  African  American  patients.  There  was  also  a  significant  difference  in  tumor  response  between  Caucasian  and  African  American  patients.  The  bars  represent 
the  standard  error  of  the  mean. 


are  candidates  for  neoadjuvant  chemotherapy  which  currently 
is  not  a  standard  of  care.  Despite  these  small  patient  numbers, 
we  had  access  to  30  highly-characterized,  matching  fresh-frozen 
and  paraffin-embedded  neoadjuvant  NSCLC  specimens  to  study 
correlation  between  CTR1  expression  and  tumor  platinum  con¬ 
centrations.  Even  though  we  could  not  address  the  influence  of 
potential  confounding  variables  relating  to  a  small  sample  size,  this 
is  the  first  report  to  our  knowledge  investigating  the  function  of 
CTR1  in  any  clinical  specimens.  This  may  set  a  foundation  for  future 
studies  with  a  larger  number  of  patients  to  permit  independent 
validation. 

When  we  looked  in  detail  the  characteristics  of  the  two  patients 
with  undetectable  CTR1  expressions,  we  were  surprised  to  learn 
that  both  patients  were  AAs.  Further  analysis  led  to  the  observa¬ 
tion  that  AAs  had  significantly  lower  levels  of  CTR1  expression  in 
their  tumors  but  not  in  normal  tissues  compared  to  CAs  which 
corresponded  to  significantly  reduced  intratumoral  platinum  con¬ 
centrations  and  tumor  response  in  AAs.  Our  finding  is  further 
supported  by  a  recent  study  using  ethnically-defined  Human  Vari¬ 
ation  Panel  lymphoblastoid  cell  lines  from  100  CAs  and  100  AAs 
which  demonstrated  that  the  cell  lines  derived  from  CAs  were  sig¬ 
nificantly  more  sensitive  to  cisplatin  compared  to  those  derived 
from  AAs  [22],  Pharmacoethnicity,  defined  as  ethnic  diversity 
in  drug  response  or  toxicity,  is  being  recognized  as  an  impor¬ 
tant  contributing  factor  for  inter-individual  variation  in  response 
to  anti-tumor  agents  [23],  A  few  examples  in  NSCLC  include 
higher  prevalence  of  sensitizing  EGFR  mutations  to  tyrosine  kinase 
inhibitors  in  Asians  [24,25]  and  activity  of  cetuximab  in  exclu¬ 
sively  CAs  [26],  Although  pharmacoethnicity  can  be  both  genetic 
and  environmental,  ethnic  variations  in  several  cancer  drug-related 
genes  have  been  reported  [23],  For  example,  previous  studies 
reported  ethnic  differences  in  allelic  frequencies  of  drug  trans¬ 
porter  genes  ABCG2  and  MDR1  [27,28].  AAs  with  lung  cancer  in 
which  platinum-based  therapy  remains  as  standard  of  care  have 
lower  survival  rates  compared  to  CAs  [29].  Furthermore,  Gyneco¬ 
logic  Oncology  Group  study  involving  428  patients  with  advanced 
cervical  cancer  who  received  cisplatin-based  therapy  revealed  that 
African-American  ethnicity  is  independently  prognostic  of  poor 
tumor  response  to  cisplatin  [30],  Platinum  pharmacoethnicity  due 
to  ethnic  variations  in  transporter  expression  could  certainly  be 
a  contributing  factor  as  demonstrated  by  our  evaluation  of  a  key 
platinum  transporter  CTR1. 

Our  finding  that  tumor  CTR1  expression  scores  did  not  directly 
correlate  with  tissue  platinum  concentration  could  be  explained 
by  several  limitations  besides  a  small  sample  size.  Our  study 
population  was  fairly  heterogeneous  especially  in  terms  of  histol¬ 
ogy  and  type  of  platinum  drugs  received.  Patients  who  received 


carboplatin  or  had  adenocarcinomas  demonstrated  higher  tumor 
CTR1  expressions.  It  is  uncertain  if  adenocarcinoma  cells  gen¬ 
erally  express  a  higher  level  of  CTR1  proteins  at  baseline  and 
what  percentage  of  these  would  be  actively  functioning  as  trans¬ 
porters.  It  is  possible  that  CTR1  may  be  acting  as  an  adaptive 
response/resistance-inducing  transport  factor  that  limits  further 
net  platinum  accumulation  after  initial  exposure  to  platinum  drugs. 
Our  data  represent  only  post-treatment  CTR1  expression  levels  as 
we  did  not  have  pre-treatment  slides  available.  Thus,  we  were 
not  able  to  assess  the  potential  modulation  of  CTR1  by  platinum 
drugs.  Our  observation  that  patients  who  received  cisplatin  had 
lower  CTR1  expression  could  be  due  to  cisplatin-mediated  down- 
regulation  of  CTR1,  as  previously  demonstrated  by  Holzer  and 
colleagues  [31],  A  future  study  prospectively  investigating  both 
pre-  and  post-treatment  CTR1  expression  in  the  same  patient 
population  would  be  important.  Lastly,  it  is  possible  that  other 
mechanisms  (i.e.  efflux  transporters)  may  also  be  at  play  to  con¬ 
tribute  to  modulation  of  intratumoral  platinum  concentrations. 

In  conclusion,  this  is  the  first  translational  study  to  our  knowl¬ 
edge  evaluating  relationship  between  drug  transporter  expression 
and  intratumoral  tissue  platinum  concentration  in  any  tumor  type. 
Our  data  suggest  CTRl’s  role  as  a  platinum  uptake  transporter  as 
evidenced  by  our  finding  that  NSCLC  patients  with  undetectable 
CTR1  expression  in  their  tumors  had  reduced  intratumoral  plat¬ 
inum  concentration  and  tumor  response  compared  to  patients  with 
any  level  of  CTR1  expression.  In  addition,  we  report  a  novel  finding 
that  AAs  had  reduced  CTR1  expression,  tissue  platinum  concen¬ 
tration  and  tumor  response  compared  to  CAs.  Our  data,  together 
with  an  independent  study  suggesting  reduced  CTR1  as  a  poor  pro¬ 
gnostic  marker  for  platinum-based  therapy  in  NSCLC  15]  warrant 
further  investigation  of  CTR1  as  a  potential  biomarker  for  plat¬ 
inum  therapy  in  NSCLC.  This  is  a  single  institution  study  with  a 
small  patient  population  that  requires  independent  validation  with 
a  larger  number  of  patients. 
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